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l.l N.fill~te Long-1_grm ..(28 ~ars) Copper Trial 
.Y{heat: Block 2 was cropped to wheat in l976 in accord-
ance with the rotation l year wheat : 3 years clover 
pasture. . Copper was originally applied to Block 2 in 
l968 p Within each 2 ,,. 03 ha plot of Block 2 a small trial 
(4 treatments:? 2 replications) was laid down .to determine 
the response to l976 dressings of copper, · Results are 
shown in Table l. · 
,!able l. Effects of l~f/6 applications of copper 
fert-ilisers on grain yiel.d on areas which had different 
rates of 'copper fertiliser in l968 (66Nl4 Long Term 
Copper Trial, Newdegate Research Station). Bokal wheat 
sown l4.7.l976. 
WHEAT YIELD (tonnes/ha) 
+=+ - += - -
Copper Sl,llphate (kg/ha) Copper sulphate (kg/ha) applied l976 
l968 -- --.....---applied 0 2.75 5~50 8,,25 
------.·- ._,. -
0 0 .. 04 0.3 0.3 0.2 
2. 75 o,. 5 0 .. 6 0.5 0.5 
5 .... 50 0.3 0.3 0~3 0.3 
8025 0.,9 o,,8 0.9 0.9 
lL.00 0.3 0.,3 0.,3 0.4 
ll.,O + Op55/yr 0 .. 4 Oo3 0.,3 Oo3 
Seeding of experimental plots at Newdegate Research 
Station was unusually delayed in l976 and resulted in 
extremely disappointing and variable yields. Neverthe-
less the results again demonstrate the residual 
effectiveness of the copper applied eight years 
previou~ly. Pasture and sheep responses to experimental 
treatments were similar to previous years. 
1 .. 2 (i) .Residual Cop,per on Wheat, Esperance Downs Research 
station · · 
This trial which was established in 1967, sown to 
clover in l968, was sown to wheat in 1976 with two 
treatments being given extra copper to allow the 
effectiveness of the earlier copper applications to 
be compared with a current application~ Results are 
shown in Table 2. (See page 3). 
A noteworthy feature of these results is that the 
very low rate of l~l kg/ha co~per sulphate applied in 
1967 (9 years before the crop) gave a marked grain 
yield increase. Copper deficiency symptoms which 
were obvious on the plots that had never had copper;, 
were absent from those that had 1.1 kg/ha copper 
sulphat~ in 1967 or any other treatments< The small 
/88 
2. 
apparent super:i,.or;i.ty of some t:reatments over the 
1.1 kg/ha treatment was not statistically significant, 
The residual effectiveness of l,l kg/ha applied in 
l967 supplied suffici.ent copper for maximum grain 
yields, thus th,e 1976 copper applications superimposed 
on treatments which had recei.ved more than l,,l kg/ha 
in 1967 did. not produce any ad,ditional increase in 
yield. Again we have been unable to detect any sign 
of a long term reduction in the effectiveness· of 
copper fertiliser. The single application of 5 kg/ha 
copper sulphate which is :r-ecommended in the develop-
ment of this soil type is well iri excess of the 
minimum requirement on th;i.s site and allows a large 
margin for safety. 
(ii) Besidual C012J2er on Lucerne~ Es~erance Downs 
Rese~rch Stati6n · · · · · ___ ....,.. -.-
This trial which was established in 1967, was 
sampled to compare the 1967 copper applications wi.th 
a 1976 application in their effect;Lveness in 
increasing the ccpper content of th~ above ground 
parts of the lucerne plants (see Table 3). 
Table ;2.. Effects of copper sulphate applied in 1967, and 1976 
on the copper content of lucerne plants sampled in September, 
1976., 
Copper sulphate applied kg/ha Copper concentration 
in lucerne tops 
1967 1976 Total Cu (ppm) 
----------.---~-------__._. ___________ .,._.. __ _..,... ___ _ 
0 
1.1 
2,,2 
4,,4 
0 
8,8 
0 
0 
0 
0 
4,4 
0 
0 
1.1 
2,..2 
4o4 
4,.4 
8.8 
2o4 
3,,1 
3-07 
3,9 
4~.2 
5~8 
----------~----~-·....----- ---. -------
The 1967 applications of copper remained as 
effective as the 1976 topdressed application of 
copper, 
-~ 
0 
Total 
Cu sulphate 
applied 
kg/ha 
0 
1.1 
2.2 
3.,3 
4,,4 
5.5 
6.6 
8.8 
Table 2. 
1976 
0 
0 
0 
0 
0 
2.2 
0 
0 
0 
4;4 
;. 
Effects of copper sulphate applied in 1967, 1968~71 and 1976 on wheat grain 
yield (67E8, Esperance Downs Research Station). 1976 grain yields t/ha~ 
Copper sulphate applied (kg/ha) 
1961 and 1968-71 applications 
1967 0 Ll 2o2 2.2 2 .. 2 4.4 4.,4 4~4 8,8 
1968-71 0 0 0 0,,275/yr 0*55/yr 0 0.275/yr 0~55/yr 0 
L,6 
2~3 
2 .. 4 
2 .. 6 
2 .. 5 2,,3 
2 .. 5 
2~4 
2-.:5 
2,;.3 
2..,3 
( iii) .B.§§.i.9:~1.....QQmr for _§.h&..§:Q... Braml_§y R. es eargh 
.§1.s:tion 
Th.is trial was established i.n 1963 and consists of 
5 copper treatments duplicated on plots of 0. 59 ha 
which are .large enough to support four sheep con-
tinuously for long periods without the need for 
supplementary feeding, In the earlier years of 
the trial, marked effects of copper treatments on 
the copper status of sheep and cattle were 
demonstrated. In 1968 it was concluded that 2.75 
kg/ha applied in 1963 r.ould maintain dry sheep in 
copper balance bu,.t did not supply enough copper to 
provide for a build up in liver copper reserves of 
sheep which had reached deficiency levels after 
grazing on the nil copper pl.ots for some months,,, 
In 1968 5 ,, 5 kg/ha was providing enough copper to 
allow sheep with exhausted liver copper reserves to 
accumulate copper in their livers. The rate of 
copper sulphate recommended for this soil type 
which is so deficient in the natural state that 
sub clover fails to set seed:' is 8 kg/ha. The 
annual rainfall averages 1100 mm~ 
To gauge the residual effectiveness of the 1963 
applied copper thirteen years after the original 
applications, the trial was stocked with four sheep 
per plot on March 29, 1976. Biopsy liver samples 
we+e taken at the beginning of July and again 
before Christmas 1976. The copper concentration 
of these liver samples are shown in Table 4. 
Liver copper level$ in black sheep on plots of 62Bl, 
the Residual Copper Trial, Bramley Researnh Station 
sheep W8re put on the plots at the end of March 1976. 
-
Bi op sied liver 'Cu (ppm) 
------ -----
1/7/76 23/12/76 
*Treatment$ Mean Range Mean Range 
·---i--·---
·-
NIL Cu 192 
185 
300 
215 
350 
0 -8 
11 
23 
14 
27 
315 39 10 - 125. 
2.75 i.n 1963 
2.75 in 63,68. Total 5.5 
8 .. 25 in 63 
8 .. 25 in 63, 0 .. 55 in 68,69,·) 
70,71 ) 
Total 10~45 ) 
----------· ------------+--
* Copper sulphate kg/ha 
0 -· 255 
0 - 345 
5 - 315 
5 -·· 475 
" 174 90 - 285 
347 130 ·- 610 
226 135 - 365 
405 325 - 505 
Replications: 2. Four sheep/replication, Eight sheep/treatment. 
1 
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7 
8 
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6. 
7, 
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5 . 
Rates, Sources~ Methods of application of Cu 
fertili.ser (Bramley Research Station) 
Summary of Chemical Analyses for Cu content of pasture from 
these trials .. · 
67B2 fo~est Grove Gravelly Sand 
~ -. ~~. -
Sub Clover Cu Lotus ppm cu ppm .--- ___,... ------~--
Treatment kg/ha ,Jµly l969 25/10/71 13/11/74 13/11/74 - -
No C~pper 2~05 1~9 1.80 2 .. 0 
No Goppe;r:- 2 .~30 1.9 2 .025 2,_4 
Cu 0<,2'.5. as Cuso4 3.45 2 .55 2.,925 3 .. 5 applied 1967 . 
Cu 0.55 as eu.so4 3.,.75 3~125 4~075 4<7 applied 1967 
Cu l'"l a,s Cu.SO 4 5.05, 3e95 5 .. 35 6.5 applied 1967 
Cu 2w2. as Cuso4 6.,30 4.825 6.65 9.4 appli~ 1967 · 
Cl,l Ov55 as CuO 4,40 ;.55 3,975 5.5 
applied 1967 
Cu 1.,1 as CuO 5,05 4.,15 4.60 5.,0 
applied 1967 
67B3 Mwigite Sandy Loam 
No Copper 3 .25 ·. 3.30 2.4 
No Copper 2 .. 90 2.55 2 ,.9 .. 
Cu Q.275 as Cu$04 3.75 4.25 3,8 applied 1967 
Cu Q.55 a,s Cuso4 5.05 4,.95 5,0 applied 1967 ·.· 
Cu l~l ·as Cuso
4 6.40 6~65 6.,.0 applied 1967 
Cu .2.2_ as Cuso4 
6,.40 7 ~125 8.6 
a pplJ. e¢l. .196 7 · 
Cu 0.55 as Q'uO 5,10 5 .. 05 6 .. 3 
·applied 1967 
Cu 1.1 as CuO 5, 5.5 6.,15 7A 
appl.ied 1967 
~--~-.-- ~ ... -o:-- --
I "I :l. 
1. Differences between method.s were small~ inconsistent and 
for simplicity are now shown, 
2,, CuO has perhaps tended to be inferior to Cuso4 , but there has been considerable variab.ility,. 
3 .. The results show the variation in levels from year to 
year., 
4, While the comparison between seasons is not strict~y 
vali.d it is possible to say that the copper applied· in 
1967 was equally ·effective in raising cop pier 1 evels :in 
July 1969, and November 1974. 
5,, Tne effect. of the lowest Ou rate (:::: l"'l kg/ha CuS04) in 
increasing pasture Cu, 1 evels by 50% compared with the 
nils, in 1974, seven years after appl.ication is worth 
noting, 
The results show that the copper status o;f the 
sheep on the nil copper plots dropped dramatically 
between July t;Uld December, whereas the sheep on 
plots that had only ever had 2.75 kg/ha copper 
sulphate in 1963 maintainiqd their copper status~ 
Thus t;he pattern in 1970 has been the same as that 
in 1968, and there is no suggestion that tne copper 
applied in 1963 has diminished in effectiveness. 
The $oil types on this experiment range from a 
rather deep, coarse grey sand to a shallower phase 
with a gravelly, loamy sand within inches of the 
surface.and· are very similar to many wheatbelt 
sandplain soil types. It is worth noting that the ,. 
average rainfall of 1100 mm at Bramley is about 3~ 
times that of much of the wheatbel t so that any 
leach:L.ng losses in 13 yea.rs at Bramley might be 
equal to at least 45 years in the wheatbelt. 
Despite all this extra.rain the early copper 
applicat1ons continue to exert an undi:tninishei 
effect on maintaining the copper status of sheep at 
a more than adequate level. Thus these results 
from the hi.gh rainfall area a.re the reason for added 
confidence in our previous experience that repeat 
applications of copper fertiliser are not justified 
in wheat growing areas of Western Australia. 
Table 5 summarises the Cu uptake data obtainerl in 
earlier years by Glencross from 67B2 and 67B3, also 
on Bramley :Research Station. 
7. 
1. 3 Qo:gper for Wheat .Q!LN ew Lau.g 
(i) As reported last year, there have been a disturbing 
number of instances where farmers have reported that 
despite having used the recommended copper containing 
commercial fertiliser mix at the recommended rate, 
first crops on new land have failed due to copper 
deficiency, We have run check experiments using 
our own .mixtures prepared by dry mixing copper 
sulphate to plain super and the other .trace elements 
and have never found our recommendations to be in 
er+or when using our own mixtures.. The commercial 
mixtures differed from ours in two possibly import-
ant ways: 
(a) the fertiliser company had switched to 
cupric oxi.d e instead of copper sulphate,. 
(b) the fertiliser company mixes the copper 
into the super in the wet form so that the 
copper is illQOrUQrated into :t_he_g.r§:ill!l~" 
This could lea~ to the reduced availability 
of copper by (l) malcing the copper (which i.s 
extremely immobi.le) positionally unavailable 
to plant roots and (2) allowing for the 
possible formation of copper phosphate~ which 
might be much less available sources of copper 
to plants than the compounds which form when 
copper sulphate or copper carbonate react 
with the soil in the absence of high phosphate 
concentrations. 
Table 6 shows the results 0°f a trial conducted at 
Lake Grace. Experimental variables included 
copper sources, method of mixing and effect of 
breaking down particle size of the mixture. 
~he table shows the concentration of copper in 
the youngest fully emerged leaf when sampled on 
23/9/1976" Thi.s is the most sensitive measure 
of copper status of the wheat plant known to science,, 
I '14-
Table 6 ,, 
--~---..-
8. 
Copper concentration i.n the youngest fully emerged 
leaves ot wheat plants sarp.pled on 23/9/1976, from 
the experiment 76LG28 at Lake Grace in which the 
effect of copper sources method of incorporation 
and effect of breaking down the particles by 
crushing were investigated,. 
---------~~-._....,_·-·--- --------------------------. 
Ou ppm in YFEL -------- ~---·..,...-----------------------------------~ 
Copper Treatment 
0 
Total Levels Increase over Nil Cu Treatment 
~-~------------_,,.------+--~------__,.----·----.---...f 
Not Crushed Crushed. Not Crushea. Crushed. 
0.9 0 .. 9 
------------~~----·-----------~---~ 
3,,3 kg/ha CuS04 Wet mixed 
3 "3 kg/ha OuS04 Dry mixed 
3.,3 kg/ha Cu Oxide Wet 
1.,8 
l.8 
.1.5 
1.9 0.,9 
l.9 0,,9 
2.,0 0.6 
mtxed. 
3 .. 3 kg/na Cu Oxide Dry 
mixed. 
1 .. 6 2.0 0 .. 7 l.l 
--i----
The resuJ.ts showed that these particular copper 
sulphate m:Lxtiires were almost ,as effective before 
crushing i;as afte:r crushing, whereas the cupric 
oxide mixtures were only about 65% effective before 
crushing~ bu. t fully effective ,(compared. wi.· th copper 
sulphate) after crushing~ The results of this . 
exploratory trial cannot be fully understood but 
they clearly show that there is a lot more we need 
to know before coarse, wet-mi.xed cupric oxide (and 
possibly coaxse copper sulphate mixtures too) can 
be u,sed with confidence. At this stage i.t is 
thought that the variables of particle si.ze, 
residual acidity in the superphosphate, source of 
copper, method of mixing and moisture levels in the 
soil after fertiliser application and their inter-
action could be responsible for the variable and 
sometimes disastrous results that many farmers have 
experienced. Table 7 shows the grain yields and 
leaf Cu levels from all the treatments in 76LG28~ 
(ii) ~ril~vs topdressed_Q.QQ£.§r sgJJ2,hate on new land 
for wheat ·· · · · · · · · · · ___ .......,...,....._
An unexpected result to come out of the Long Term 
.Copper Residual Trial on Newdegate Research atation 
was that copper fertil:t.ser was more effective four 
years after application than when drilled with the 
cu,rrent crop. It was suggested that this might be 
due to a better spread of coppe~ througnout the 
15 
1 
10 
16 
3 
5 
11 
14 
18 
2 
4 
6 
8 
13 
7 
9 
12 
17 
Table 7~ 
8a_, 
Cu Sources, Methods of Incorporation, Effects of Particle 
Size of Mix on Effectiveness for Wheat (Gamenya) 
Cu Levels in YFEL at 1/10/76 and Grain Yields 
Cu ppm in YFEL sampled 1/10/76 
Tr ea tmeu L 
I II III Total Mean Grain Yield t/ha 
Crushe.d plain super 0,,867 0.,779 . 0 .• 913 0.-85 L.13 
Plain super 1.18 O.; 744 0.888 0.,94 l_.14 
Mo03 180 g/ba l.55 0 .. 962 1.06 Ll9 L40 
Farmers No. 1 Cugley 1 .. 39 1,,11 ' 1.-34 1 .. 28 1 .. 83 
Wet mixed CuO 
3 .. 3 kg/ha 
CuS04 L53 1.64 L.42 L53 2 .. 00 
Dry mixed CuO CuS04 1.81 
3.3 ~g/ha 
1~63 L42 1.,62 2 .. 06 
MoO; 180 g/ha + Cu S04 l.75 1.-81 
3.3 kg/ha 
L89 1.82 2,.12 
euso4 6.6 kg/ha + ZnO ;t.84 1.81 1.8~ 1 .. 82 2 .. 10 
' 1 kg/ha 
Farmers No. 1 April 1.96 1.62 . L.89 1.82 2 .. 08 
Wet mixed CuSo4 3. 3 kg/ha 2~06 l .. 56 1.88 1.83 2~09 
Dry tt It 11 tt 2.29 1.67 1.56 1 .. 84 le98 
Crushed wet mixed CuS04 - 2008 3.3 kg/ha · 1~75 1-.77 1.87 2 .. 18 
Crushed dry mixed CuS04 3,3 kg/ha . 
2.15 1.70 1 .. 92 L.92 2 .. 10 
Our No. 1 2 .. 21 1~74 1.83 L,93 2?09 
Crushed wet mixed CuO 
CUS04 3.3 kg/ha 
2.14 L.85 1"86 L-95 2,,10 
Crushed dry mixed CuO 2.57 1.74 
euso 4 3 .. 3 kg/ha 
L82 2.,04 2,,14 
Mo03 180 g/ha + CuS04 2~22 1 .. 94 
6.6 kg/ha 
2.04 2.~07 2,,13 
Farmers Noo. 1 May . 2.10 2.,28 2~10 2~16 2 .. 19 
No. 1 CuS04 6c6 kg/ha + ZnO 1 k~/ha + Mo03 180 g/ha 
YFEL = youngest fully expanded leaf. 
Treatments 10, 5, 11, 14, 4, 8, 13, 9, 12 all dry mixed by PRD at South Perth 
Wet mixed mixtures were supplied by CSBP who also supplied the Cu materials~ 
(Critical level: 1.3 to 1~4 ppm Cu) 
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soil following cultivation and that topdressing 
the copper on the surface of the soil before 
seeding might give a similar impr0vement in 
effectiveness by achiE;iving a better spread of the 
copper .. 
Two field trials were conducted on Newdegate 
Research Station and while the differ enc es between 
drilled and topdressed copper treatments ·w·e:re -
small~ thfi d;rilled treatments appeared superior to 
the topdressed treatments suggesting that the 
methods used in the topdressed treatments failed, 
to duplicate the situation that occl,lrs in the Long 
Term Copper Resi.dual Trial. Table 8 shows the 
grain yields from these two trials? 
Grain yields from 75N5 and 75N6 ~n which drilled 
and topdressed copper fertilizers were compared. 
75N5 1975 Results 
-
Wheat Grain Yields in t/ha 
Application Copper sulphate kg/ha 
Methods -- ..,...,.. 
for Copper (Zn Drilled where applied.) Zn TD 
--~-... .. _...,...... 
0 3,,3 6"6 9~9 6~6 
" 
Zn Nil Cu Nil 0 .. 14 
Zn II Cu TD 0,,88 0.92 0.96 
Zn II Cu D 1.12 0.96 
zno, 1 kg/ha Cu Nil 0.20 
ZnO, 1 kg/ha Cu 'I'D 0.80 0 .. 88 1.03 
ZnO~ 1 kg/ha 01,l, Dr. 0.$7 1.00 1.00 I 1.04 
75N5 1976 Results C~ & Zn were applied 1975 
Zn Nil Cu Nil 0.34 
Zn " Cu TD 0,89 0.82 0.90 
Zn " Cu D 0.87 0,94 0.98 
Zn0.9 1 kg/ha Cu Nil 0.24 
ZnO, 1 kg/ha Cu TD 10o04 0.99 1.03 
ZnO, 1 kg/ha Cu Dr .. l.lO 1 .. 07 l.09 1.03 
-- - _..,......_ - .... 
10,, 
75N6 1976 Results 
Met 
Nil 
cu 
Cu 
Cu 
Cu 
hod & year of 
TD 1975 
D 1975 
TD ·1976 
D 1976 
- -
-
appli.cation 
Wheat Grain Yields in t/ha 
o;opper sulphate kg/ha 
-· 
0 3.3 6.6 9.9 -
1. ,10 
1,75 .1~86 1.,83 
1.85 l.85 l.,92 
1~77 1*84 l.90 
l,,90 1~86 1~82 
-
1~4 ,1'.issia.& test for diagno§j.~~-QQrmer status of wh.§E.t· 
A series of nineteen trials on farmers I properties were 
organised in cooperation with advisers of the Wheat and 
Sheep Division, to further observe the constancy of the 
relationship between grain yield response and the. copper 
content of the yoUn.gest fully emerged leaf, Leaf 
samples obtained .by the advisers showed evidence of 
contamination wi~h copper during J:iandling, placing many 
of the results in doubt so that this part of the project 
did not yield al:;t_ that was expected of it.. Analyses on 
the e.(Ilbryos of grain from plots of these trials are still 
being completed and it i$ hoped that these will prove a 
very useful basis of assessing gr.ain embryo analysis as 
a diagnostic technique~ 
In March, 1976, complaints were recE)ived from farmers in 
the Dowerin-Cunderdin district that not enough was known 
abo'l;lt the "Purple Stem" disorder of wheat which was 
causing many severe crop losses. Our research on this 
project in 1969/70 and 1970/71 led us to conclude that 
the problem as it occurred in this older part of the 
wheatbelt was nearly always due to copper deficiency. 
Farmers who had the problem had never used copper 
fertiliser and were for many and varied reasons, not 
receptive to the advice that the "Purple S'tem". problem 
was cured by the application of copper.. We estimated 
that possibly as much as $t million was being lost each 
year in districts from west of Dalwallinu to Corrigin and 
Wickepin. To allow farmers to apply the full amounts of 
trace elements with the low rates of super needed on their 
old l1;3lld, C.S.B.P. have produced a special "Dowerin mix"., 
The introduction of this "Dowerin mix" ha$ had a remark-
able effect in convincing doubting farmers that "Purple 
Stem" is a copper deficiency prob~em. Apart from 
increasing our own extension effort, the opportunity was 
taken to involve Dr. Robson of the University of Western 
Australia, who was interested to see whether analysis of 
the youngest fully emerged leaf .of wheat would be useful 
in surveying the copper status of a large number of crops. 
I~ 8 
lL 
He sampled 69 crops on sandy soils i.n farmers f paddocks 
and found that five of them with copper levels below 
what was thought to be the "critical" range eventually 
showed clear symptoms of copper deficiency, another 
three showed levels near t;he "critical level" but no 
symptoms except slightly shrivelled grain and another 
showed a similar low level but the crop seemed healthy. 
Some of these showed the "Purple Stem" ·symptom, None 
of the crops with copper levels above tb,e "critinal 
level" showed "P"!Jrple Stem" symptoms,, Most of these 
other crops showed levels above 3 ppm compared with the 
critical range of 1 to 1"5 ppm Cu, indicating that in 
most of the crops surveyed there was little risk of Ou 
deficiency, 
I inspected about thirty other paddocks and found that 
where the 11 Purple Stem" symptoms occurred there was 
nearly always other very strong evidence of copper 
deficiency. Grain samples for embryo analysis have 
been collected from many of these crops.· A number of 
other conditions that cause disco1oration of the stem 
have been confwrnd with "Purple Stem" by both farmers 
and advisers. A further public meeting to disseminate 
our knowledge on copper and "Purple Stem" was held in 
Dowerin on March 1. 
Figure 1 shows the relationship between the copper level 
in the youngest fully emerged leaf and wheat grain yields 
from experiment 76LG28 at Lake Grace. In this partic-
ular set of data tb,e apparent " critical level" is around 
1.,5 ppm Cu which is close to,. but a little higher than 
the critical level of l,.2 ppm Cu derived from pot trials. 
It has been pointed out in a previous report that due to 
between plant variability in the copper status of plants 
along the drill row, it is inevitable that-the apparent 
"critical level" obtained from a random sample of several 
plants, some heal thy, some deficient, will be higher than 
the 11 critical level" obtained from analys;is of samples 
that range in copper status but are uniform within each 
sample. In this same trial the analysis of the whole 
plant tops failed to separate the untreated low yielding 
copper deficient treatments from some of the higher 
yielding copper treated treatments., Figure 2 shows the 
superiority of the YFEL analysis for Cu over whole tops 
in the critical range. 
1.5 .§@ test for COJ2J2..§1: 
In a number of instances the ammonium oxalate extract~ 
able copper has proven useful in differentiating between 
copper adequate and copper deficient areas as well as 
giving a useful indication as to whether copper 
fertilisers have ever been applied on soils that are 
normally deficient in the virgin state. 
12 .. 
2.,1 The .residual value of manganese for split seed of lupins 
on coarse neutral gr&Y to pale yellow· sand at Badgingarra 
· ResearchStation · .· · · 
~ 
The experiment 74BA15 ortginally sown in 1974 to test a 
range of manganese Sµlphate treatments applied in 1974 on 
split seededness and grain yield of sweet narrow leafed 
lµpins was recropped to lupins in 1976 with additional 
·manganese ·~o selected treatments to gauge the ·residual 
effectiveness of the earlier manganese application 
(cf 74M033 tn 1975/76 report). Table 9 shows the effect 
of manganese treatments on. the percen,i{age of seeds which 
were mature at sampling in late, October 1976, the 
percentage of seeds (both mature and immature) split at 
th,is sam;pling date, and the grain yield at harvest 1976. 
Figure 3 shows the 1974 ap.d 1976 grq.in yields. 
These resl,l.l ts show the marked effect of the 1974 
manganese applications ih ;i.nc+easing grain yield, 
q.dvanci:q.g maturity, and reducing split seededness.. In 
the two trials in w:P.ioh the residual effect of manganese 
for sweet narrow leaf lupi.ns has been measured the 
· manganese applications have retaiped a residual 
ef:fectiveness at least eqµal to what would be expected 
from a current topdressed application and 50 to 100% 
of acµrrent drilled application,. Soil analyses have 
shown that on these sites all the applied manganese has 
remained in an extractable ;t'orm (see also Farmnote 7/77). 
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Effect 'Of l974 and l976 manganese· sulphate 
applications on the percentage of seeds mature 
at sampling late 01ctober 1976, the percentage 
of seeds (both mature and i!Ilfilature) that were 
split at this sampling date, and the grain yield 
at harvest l976. 
----------.-- .WWW-:- --- ... 
TREATMENTS 
MnS04 kg/ha Seed· Sampled Grain - - October 1976 Yield 
l974 l976 '" Total 
Spr 1 Dr, % mature % split t/ha 
~- --- -
0 0 0 0 l.,l 22.3 0.92 
0 8 0 8 3,,9 24~4 1458 
l5 0 0 l5 23 .. 7 l6,.0 2.29 
0 4 1.5 l9 32 .3 . 4c9 2.49 
l5 4 0 l9 20.3 l3o3 2.28 
22.5 0 0 22.5 l6 .. 4 22 .. 5 2.49 
l·5 8 0 23 28.,l l3.8 2.60 
0 8 15 23 18.2 l0.9 . 2.53 
15 8 0 23 23 . 4 19.6 2 ,,42 
22.5 6 0 28.5 29.,0 l2 .l 2 ,,66 
30 4 0 34 40.8 4.7 2.64 
15 6 15 36 28,Q 6.9 2.61 
30 6 0 36 11.7 10-4 2., 76 
0 6 30 36 33 .. 6 5.0 2 .. 64 
30 8 0 38 37 o3 5.2 2~66 
30 8 0 38 22 .,2 1.1 2,70 
30 0 1.5 45 25~9 5.1 2. 70 
45 0 0 45 29 .1. 1.2 2.79 
45 6 0 51 29.5 10.8 2.,70 
0.5 
0.4 
0.1 
--------------·- --- ---------- ---- . 
76CG28 Gamenya sampled 23/9/76 
• 
• • 
. ' 
Q Various Cu Nil tre.•:itments 
Various Plus Cu treatments that 
eave equal maximum yield. 
El Plus Cu treatment (Farmer No. 1 
Cue,-ley) which gave sub maximal 
yield 
. 0.4 0.5 0.6 0.7 0.8 o.o 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.10 2.20 
Cu ppm YFEL (WAUDA Method) 
Fig. 1 showing the relationship between Cu cone in youngest fully emerged 
leaf sampled 23/9/76 and grain yield from various treatments of Experiment 
76LG28 at Lake Grace. 
l'ig. 2. 
2.5 
2.0 
AUfo\ 
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1. 5 
0.5 
0 0.5 1.0 
Compari-3.m\lysis of the youngest fully emere leaf with an.alysis of the whole tops of 
wheat :p1m'lts in their ability to differentiate behrnen plants varying in Cu status in the 
region which critically affects yield. 
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Separation between Cu treated 
and Cu Hil by \fauda method 
2.0 
whole tops 14/9/76 
$ Various J'hl Cu treatments 
Various Flus Cu treatments 
Gl Flus Cu 'l'reatment (Farmer lJo. 1 Cugley) 
\Jhi ch gave sub maximal yield (see Fig. 1) 
I<,ig. 3. 
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Effect of F:74 Hm?:cm. Sulphate 9.}lplications 011 
sweet lupin 2:rain yiolW 1974, and 1()74 and 1976 
applications on 1976 .'-r<1in yields (74BA15, Badgingarra 
Ro search Station). . 
• 
• 9a11 applied 1974-. 'cotal drillecl + sprayed. • 
A 15 kg/ha EnS04 dr. 1976, remainder dr. + spr.1974 
GJ 30 kg/ha ti " 1976, II II It II II 
• 
~·~__.----..!.•.-.-----.... --~--~.~---------,1r"------· 1976 yield 
- 197~ vi?ld (Mn all drilled) --
10 15 20 25 30 35 45 50 
NnS04 applied kg/ha 
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Residual value of manganese for split seed in lupins 
by J. W. Gartrell, Plant Research Division 
The split seed problem which has devastated many 
of the most promising sweet lupin crops on sandy 
country, is cured by applying manganese sulphate. 
At $8 to $10 per hectare, this fertiliser is costly. 
However, . experiments have shown a strong 
cumulative residual effect, much greater than 
expected, of manganese applied to previous crops. 
In these experiments at the Badgingarra Research 
Station and Lancelin, the manganese applied two 
years ago, remained as effective as a current 
topdressed application. This indicated no decline in 
the availability of the earlier application. However, 
with the manganese fertiliser drilled in a band with 
the seed, it is twice as effective as topdressed 
manganese, or as the old application. 
This means that where farmers have applied the 
30 kg/ha of manganese sulphate needed to control 
split seed, they need to drill only half this rate with 
the next crop. The cost of manganese would fall 
from about $8 hectare to $4 per hectare for this 
second crop. 
When a cumulative total of 50 to 60 kg/ha of 
manganese sulphate has been applied, no more 
manganese would be needed and the split seed 
problem would be permanently cured. 
One way of taking advantage of the residual 
value of manganese applied to split seeJ-prone soils 
is to crop with lupins every second year. For 
example, on country that has previously !wen 
treated with manganese sulphate at 30 kg/ha, l 0 to 
15 kg should be drilled with each later lupin crop 
untii the total applied reaches 50 to 60 kg/t<:i. 
Further healthy crops can then be grown without 
spending any more on manganese. 
As funds become available, all split se.:d-prom: 
soils on the farm could be treated this way, and 
eventually the split see.d problem would be 
eliminated. 
Other soils 
Unfortunately the residual effect of manganese 
fertiliser for cereals on affected soils a1011g the 
wetter edge of the wheatbelt appears to be much 
less than for lupins on split seed-prone soiis. 
However, some residual effect does become 
apparent after five or six applications of 15 kg/ha 
manganese sulphate. 
Copyright, Western Australian Department of Agriculture. Material 
in this publication may be reprinted provided that the author and 
the Department are acknowledged. 
Di~ribution of soils on which sweet lupins may be susceptible to 
spht seed. In some seaso:is, the problem becomes worse and other 
areas are affected. The fine stippled areas have bee:l $everely 
affected and the course stippled .:ireas have been mildly affected. 
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